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Description 

[0001] The present invention relates to a method of and an apparatus for searching electromagnetic disturbing source 
and a non-contact voltage probe apparatus therefor. 

s [0002] A method of specifying an electromagnetic interference invading route, which has been proposed by the 
present invention, is used to solve EMC (Electromagnetic Compatibility) problems that arise in electronic equipment 
such as telecommunication equipment, an information processing apparatus, etc. The utilization of the method accord- 
ing to the present invention makes it possible to specify the invading route of electromagnetic interference that invades 
the equipment. As a result, effective countermeasures can be taken against the interference and electromagnetic 

10 interference source can be specified. Thus, the present method makes it useful to solve the EMC problems. Since the 
determination of the interference invading route, which has heretofore depended on the experience and knowledge in 
particular, can be objectively performed according to a physical quantity, even experience-free users are able to easily 
specify the invading route. 

[0003] With advances in semiconductor technology, information telecommunication equipment are now advancing 
is in high density, high integration, and low-voltage driving. Further, the number of connecting cables for providing elec- 
trical connections between a plurality of pieces of equipment has been increased and the configuration of the connec- 
tions between the equipment has been complicated. Therefore, a phenomenon in which common mode electromag- 
netic interference induced between the cable connected to the equipment and the earth or ground or like propagates 
through the cables and invades the equipment, thereby causing failures in the equipment, has occurred. With the 
20 advanced large scale system in particular, an influence exerted on the public increases when the equipment produces 
trouble once, and the trouble also tends to' occur with the advanced low-voltage driving. The electromagnetic interfer- 
ence that propagates through the cables or the like, is called "conducted interference". The prevention of the equipment 
failure due to the conducted interference has become a significant problem. 

[0004] According to the "IEEE Standard Dictionary of Electrical and Electronics Terms", the term common mode 
25 interference is defined as "Interference that appears between both signal leads and a common reference plane (ground) 
and causes the potential of both sides of the propagation path to be changed simultaneously and by the same amount 
relative to the common reference plane (ground)". The term common mode voltage is the mean of the phasor voltages 
appearing respective conductors and a specified reference (usually, ground or earth). In contrast, the term differential- 
mode interference is defined as "Interference that causes the potential of one side of the signal propagation path to 
30 be changed relative to the other side". In other words, the term differential mode voltage is the voltage between any 
two of a specified set of active conductors. 

[0005] As countermeasures to be taken against such conducted interference, an apparatus for countermeasures is 
required to measure the voltage and current of the interference entered therein and accurately recognize an interference 
invading route and an interference level. By specifying an electromagnetic interference source as a cause of equipment 
35 failure, an effective countermeasure can be taken and the cause of the failure can be removed. 

[0006] The measurement of the voltage and current of the interference under service and operational conditions is 
necessary to grasp the situation with regard to the malfunctions due to the interference. 

[0007] It is therefore necessary to induced a voltage probe capable of efficiently measuring conducted interference 
propagated through the cable, particularly, a common-mode voltage developed between the cable and the ground and 
40 measuring it with ease and satisfactory accuracy without the influence of the interference on communication signals 
under service conditions. 

[0008] As one method of measuring the voltage, a non-contact voltage probe using capacitive coupling to the cable 
has been discussed. There was, however, the possibility that since the capacitive coupling was used, the sensitivity 
of the probe would be unstable depending on the internal position of the cable and the capacitance occurred between 
45 the cable and a surrounding metal body. In particular, the stray capacitance occurred between the cable and the sur- 
rounding metal body varies according to surrounding conditions. Therefore, the sensitivity of the probe greatly varies 
and the probe is susceptible to the potential held by the surrounding metal body. 

[0009] Fig. 17A shows a conventional non-contact voltage probe apparatus. In the drawing, reference numerals 
201 A, 202, 203 and 204 respectively indicate a cylindrical electrode, a jig for fixing a cable 220, a high input impedance 
so voltage probe, and a level meter. As shown in Fig. 17A, the cylindrical electrode 201 A produces capacitive coupling 
between a metal body 230 such as grounded metal cabinet 230 and a cable 221 or the like. At this time, an equivalent 
circuit free of ambient influences is represented as shown in Fig. 17B. A voltage V p output from the probe 203 at this 
time is given by the following equation (1): 

V p = jcoCR p /{1 + j(oR p (C + C p )} x V (1) 
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where V, C, R p and C p respectively indicate the voltage induced between the cable 220 and ground, the capacitance 
between the cable 220 and the cylindrical electrode 201 A, the input resistance of the high input impedance voltage 
probe 203 and the input capacitance of the high input impedance voltage probe 203. 

[001 0] Now, consider that reinforcing bars for a building or a grounded metal cabinet 230 or the like is provided and 
s the capacitance between the same and the cylindrical electrode 201 A is C q . Also assuming that a voltage V x is occurred 
in other cable 221 or the like and a capacitance C x couples the cable 221 and the cylindrical electrode 201 A, an 
equivalent circuit at this time is represented as shown in Fig. 17C. As is understood from this equivalent circuit, the 
sensitivity of the probe varies according to the capacitances C x and C q and the influence of the voltage V x is included 
in a voltage V pS thus causing a large error when measuring the voltage V 
io [001 1 ] The present non-contact voltage probe apparatus has the following problems in terms of the above description. 
The voltage measurement stable in reproducibility has fallen into difficulties. 

(1) According to the ambient conditions of the electrode 201 A, the values C x and C q of stray capacitances vary 
and the sensitivity of the non-contact voltage probe apparatus varies. 
15 (2) The non-contact voltage probe apparatus is susceptible to the voltage developed in the surrounding cable 221 . 

[0012] In general, a method of measuring current using a current probe has heretofore been used to measure con- 
ducted interference propagated through a cable so as to invade equipment. However, a decision to be made as to from 
where the interference invades greatly depends on engineer's experiences. It was therefore difficult to accurately spec- 

20 jfy an interference invading route. When resonance is occurred even if one attempts to specify the invading route from 
the comparison between the magnitudes of currents, for example, one may misjudge the invading route because the 
value of the current flowing into the position where the interference invades, is not always maximum. It is apparent 
from this reason that the invading route cannot be determined from the result of comparison referred to above. The 
determination of the direction of flow of a current other than the d.c. current falls into difficulties and the propagation 

2S direction of the electromagnetic interference cannot be specified either. Therefore, the decision to be made as to the 
invading route depends on measurer's experiences and hence the invading route is often misjudged. In this case, the 
invading route cannot be specified accurately, and therefore it is also difficult to determine the interference source as 
a cause of equipment failure. 

[0013] On the other hand, a determination method of interference invading route by connecting and disconnecting 
30 a cable connected at the equipment has been also proposed to specify the interference invading route. Since, however, 
the deactivation of equipment and the cutting or the like of the cable are necessary, the influence of interference under 
the actual conditions cannot be judged with accuracy. 

[001 4] Further, when a plurality of pieces of interference have invaded, the searching of the interference source by 
connecting and disconnecting the pieces of the cable could not be achieved either. 

35 [0015] With the foregoing in view, it is therefore an object of the present invention to provide an improvement in the 
method of specifying an electromagnetic interference invading route to each equipment, which has heretofore been 
executed according to the engineer's experiences and knowledge and the connecting and disconnecting of a cable, i. 
e., a method of accurately recognizing the behavior of electromagnetic interference and quantitatively specifying an 
invading route of the electromagnetic interference while the equipment is being kept in an operating state and to provide 

40 an apparatus therefor. 

[001 6] It is another object of the present invention to provide a method of and an apparatus for separating and 
searching a plurality of pieces of interference. 

[001 7] It is a further object of the present invention to provide a non-contact voltage probe apparatus operated stably 
and excellent in reproducibility, for minimizing the influence of stray capacitances occurred according to the circum- 
45 stances surrounding the probe apparatus. 

[0018] According to the first aspect of the present invention, there is provided a method of specifying invading routes 
of electromagnetic interference, comprising the steps of: 

measuring voltages and currents of electromagnetic interference developed in a plurality of cables electrically 
50 connected to pieces of electronic equipment by voltage and current probes, respectively; 

calculating an effective component of energy of the each electromagnetic interference from the result of measure- 
ments; and 

specifying the invading route of the each electromagnetic interference from the direction in which the calculated 
energy flows. 



55 



[0019] Here, the invading route of each electromagnetic interference may be specified based on the magnitude of 
the energy calculated for the each cable and the direction of flow of the energy 
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(1) in the case that the polarity of the current probe may be so determined that the current probe generates a 
positive output in response to the electromagnetic interference entering into toward the electronic equipment: 

when the sign of the energy calculated for a given cable of the plurality of cables is positive, the electromag- 
netic interference is determined as being propagated through the cable in the direction in which the electromagnetic 
5 interference enters into the electronic equipment, and when the sign of the energy is negative, the electromagnetic 

interference is determined as being propagated through the cable in the direction in which the electromagnetic 
interference exits from the electronic equipment; and 

(2) in the case that the polarity of the current probe may be so determined that the current probe generates a 
positive output in response to the electromagnetic interference existing from the electronic equipment: 

w when the sign of the energy calculated for a given cable of the plurality of cables is positive, the electromag- 

netic interference is determined as being propagated through the cable in the direction in which the electromagnetic 
interference exits from the electronic equipment, and when the sign of the energy is negative, the electromagnetic 
interference is determined as being propagated through the cable in the direction in which the electromagnetic 
interference enters into the electronic equipment. 

is 

[0020] It may be determined that the electromagnetic interference invades a cable in which the magnitude of the 
calculated energy is at maximum, and through which the calculated energy propagates toward the electronic equipment. 
[0021] The voltage and current of each electromagnetic interference may be respectively measured by non-contact 
voltage and current probes so as to allow an electromagnetic interference invading route to be specified when the 
20 electronic equipment be in operation. 

[0022] Waveforms of a voltage and a current of each electromagnetic interference may be measured in a time domain 
and the energy of the interference may be calculated from the following computational expression, using the measured 
voltage waveform v(t) and current waveform i(t): 

25 
30 

where V(G>j) and l(o)j) respectively indicate complex Fourier-transformed components calculated from the measured 
waveforms of voltage v(t) and current i(t), and * indicate the complex conjugate thereof. 

[0023] The absolute values of a voltage and a current of each electromagnetic interference and a phase difference 
between them may be measured and the energy of the interference may be calculated from the following computational 
35 expression, using the measured voltage V(co) and current 1(g)): 

40 I 



where V(a>j) and l(coj) respectively indicate voltage and current components of the measured frequency of electro- 
magnetic interference, and * indicate the complex conjugate thereof. 
45 [0024] The value of the energy of each electromagnetic interference may be determined by the following computa- 
tional expression: 

iv(t)i(t)dt 

50 

[0025] The energy of each electromagnetic interference may be measured by a power measuring device. 
[0026] When the sign of the calculated energy is positive, the energy flow may be determined as being propagated 
in the direction of polarity identical to the polarity of the current probe, and when the sign of the calculated energy is 
negative, the energy flow may be determined as being propagated in the direction of polarity opposite to the polarity 
55 of the current probe. 

[0027] When the sign of the calculated energy is positive, the energy may be determined as being propagated in the 
direction identical to the polarity of the current probe, when the sign of the energy is negative, the energy may be 
determined as being propagated in the direction of polarity opposite to the polarity of the current probe, and a route 
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extending in the direction of entrance of the energy into the equipment to which the energy propagates under the 
maximum magnitude of energy, is determined to be an invading route. 

[0028] A route extending in the direction of entrance of the energy into the equipment to which the energy propagates 
under the maximum magnitude of energy, may be determined to be an invading route. 

[0029] According to the second aspect of the present invention, there is provided an apparatus for searching elec- 
tromagnetic interference source, comprising: 



a plurality of non-contact voltage probes respectively connected in non-contact with a plurality of cables connected 
to pieces of electronic equipment; 
io a plurality of non-contact current probes respectively connected in non-contact with the plurality of cables; 

means for inputting therein a voltage and a current of the electromagnetic interference source both measured by 
voltage and current probes connected to the same cable of the plurality of cables and calculating an effective 
component of energy of each electromagnetic interference source; and 

means for specifying an invading route of each electromagnetic interference source from the direction in which 
15 the calculated energy flows. 

[0030] Here, an apparatus may further comprise: 

means for specifying an invading route of the electromagnetic interference source from the magnitude of each 
calculated energy and the direction of flow thereof. 
20 [0031] The specifying means may further include means for determining the electromagnetic interference source as 
being propagated through a given cable of the plurality of cables 

(1 ) in the case that the polarity of the current probe is so determined that the current probe generates a positive 
output in response to the electromagnetic interference entering into toward the electronic equipment: 

25 when the sign of the energy calculated for a given cable of the plurality of cables is positive, the electromag- 

netic interference is determined as being propagated through the cable in the direction in which the electromagnetic 
interference enters into the electronic equipment, and when the sign of the energy is negative, the electromagnetic 
interference is determined as being propagated through the cable in the direction in which the electromagnetic 
interference exits from the electronic equipment; and 

30 (2) in the case that the polarity of the current probe is so determined that the current probe generates a positive 

output in response to the electromagnetic interference existing from the electronic equipment: 

when the sign of the energy calculated for a given cable of the plurality of cables is positive, the electromag- 
netic interference is determined as being propagated through the cable in the direction in which the electromagnetic 
interference exits from the electronic equipment, and when the sign of the energy is negative, the electromagnetic 

35 interference is determined as being propagated through the cable in the direction in which the electromagnetic 

interference enters into the electronic equipment. . 

[0032] An apparatus may further comprise: 

means for determining that the electromagnetic interference invades a cable in which the magnitude of the cal- 
40 culated energy is at maximum, and through which the calculated energy propagates toward the electronic equipment. 
[0033] Waveforms of a voltage and a current of each electromagnetic interference source may be measured in a 
time domain by the voltage and current probes connected to each cable and the energy of the electromagnetic inter- 
ference source may be calculated from the following computational expression, using the voltage wave v(t) and current 
waveform i(t) measured by the calculating means: 

45 

Peff - X{v(o>i)/ * (fl>i) + V * 

50 ^ 

where V(<Dj) and l(coj) respectively indicate complex Fourier-transformed components calculated from the measured 
waveforms of voltage v(t) and current i(t), and * indicate the complex conjugate thereof. 
[0034] An apparatus may further comprise: 

55 

means for measuring waveforms V(t) and l(t) of a voltage and a current of each electromagnetic interference 
source in a time domain -by the voltage and current probes and converting the measured waveforms V(t) and l(t) 
from those in the time domain to those in a frequency domain by Fourier transformation thereby to obtain a voltage 
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V(co) and a current l(co); and 

wherein the energy of the electromagnetic interference source is calculated from the following computational ex- 
pression using the voltage V(co) and the current I(co) by the calculating means: 



Petf = X{v(a>i)/ + V* {»,)!{*,)} 



where V(g>,) and l(cDj) respectively indicate voltage and current components of the frequency C0j of electromagnetic 
interference source, and * indicate the complex conjugate thereof. 

[0035] An apparatus may further comprise: 

at least one means for measuring the absolute values of the voltage and current of each electromagnetic interfer- 
ence source in the frequency domain and a phase difference between the voltage and current, the measuring 
means including: 

a non-contact voltage probe connected in non-contact with a cable connected to a piece of electronic equipment; 
a non-contact current probe connected in non-contact with the cable; and 

means for inputting therein a voltage and a current of each electromagnetic interference source both measured 
by voltage and current probes connected to the same cable of the plurality of cables; 

means for calculating the energy of the electromagnetic interference source from the following computational ex- 
pression based on the measured absolute values and phase difference: 

Peff = X{v(fi)i)/ *(®i) + V*(fl, f )/((»,)} 

where V(cDj) and l(coj) respectively indicate voltage and current components of the measured frequency coj of elec- 
tromagnetic interference source, and * indicate the complex conjugate thereof; and 

means for specifying an invading route of the electromagnetic interference source from the direction in which the 
calculated energy flows. 

[0036] The energy of the electromagnetic interference source may be determined from the following computational 
expression by the calculating means based on the waveforms V(t) and l(t) of the voltage and current of the electro- 
magnetic interference source both measured in the time domain by the voltage and current probes: 

Mo/(f)tff 

[0037] An apparatus may further comprise: 

at least one power measuring device for measuring the energy of the electromagnetic interference source, the . 
power measuring device including: 

a non-contact voltage probe connected in non-contact with a cable connected to a piece of electronic equipment; 
a non-contact current probe connected in non-contact with the cable; and 

means for inputting therein a voltage and a current of each electromagnetic interference source both measured 
by voltage and current probes connected to the same cable of the plurality of cables; and 
means for specifying an invading route of the electromagnetic interference source from the direction in which the 
calculated energy flows. 

[0038] An apparatus may further comprise: 

means for displaying the energy of the electromagnetic interference source calculated by the calculating means 
in the form of a frequency spectrum. 
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[0039] The specifying means may comprise means for determining the energy as being propagated in the direction 
identical to the polarity of the current probe when the sign of the calculated energy is positive, determining the energy 
as being propagated in the direction opposite to the polarity of the current probe when the sign of the energy is negative, 
and determining, as an invading route, a route extending in the direction of entrance of the energy into the equipment 
s to which the energy propagates under the maximum magnitude of energy 

[0040] A route extending in the direction of entrance of the energy into the equipment to which the energy propagates 
under the maximum magnitude of energy may be determined to be an invading route. 

[0041] According to the third aspect of the present invention, there is provided an apparatus for searching electro- 
magnetic interference source, comprising: 



means for measuring, in a time domain, waveforms of a voltage and a current of the electromagnetic interference 
source developed in each of cables connected to electronic equipment; 
means for recording the measured waveforms of voltage and current therein; 

means for converting the measured waveforms of voltage and current into waveforms of a voltage and a current 
in a frequency domain respectively; 

means for calculating energy for each frequency, based on the voltage and current waveforms in the frequency 
domain; and 

means for displaying the energy calculated for each frequency in the form of the positive and negative polarities 
of the energy and the magnitude thereof so as to correspond to coordinates indicative of each frequency 



20 

[0042] An apparatus may further comprise: 

means for determining the electromagnetic interference source as follows: 

(1) in the case that the polarity of the current probe is so determined that the current probe generates a positive 
25 output in response to the electromagnetic interference entering into toward the electronic equipment: 

when the sign of the energy calculated for a given cable of the plurality of cables at each frequency is positive, 
the electromagnetic interference is determined as being propagated through the cable in the direction in which the 
electromagnetic interference enters into the electronic equipment, and when the sign of the energy is negative, 
the electromagnetic interference is determined as being propagated through the cable in the direction in which the 
30 electromagnetic interference exits from the electronic equipment; and 

(2) in the case. that the polarity of the current probe is so determined that the current probe generates a positive 
output in response to the electromagnetic interference existing from the electronic equipment: 

when the sign of the energy calculated for a given cabte of the plurality of cables at each frequency is positive, 
the electromagnetic interference is determined as being propagated through the cable in the direction in which the 
& electromagnetic interference exits from the electronic equipment, and when the sign of the energy is negative, the 

electromagnetic interference is determined as being propagated through the cable in the direction in which the 
electromagnetic interference enters into the electronic equipment. 

[0043] Here, the measuring means may have non-contact voltage and current probes. 
40 [0044] The waveforms of the voltage and current of the electromagnetic interference source may be measured in 
the time domain by the voltage and current probes and the energy of the electromagnetic interference source may be 
calculated from the following computational expression, using the voltage wave v(t) and current waveform i(t) measured 
by the calculating means: 



where V(cDj) and l(o>j) respectively indicate complex Fourier-transformed components calculated from the measured 
waveforms of voltage v(t) and current i(t), and * indicate the complex conjugate thereof. 
[0045] An apparatus may further comprise: 

means for measuring waveforms V(t) and l(t) of the voltage and current of the electromagnetic interference source 
in a time domain by the voltage and current probes and converting the measured waveforms V(t) and l(t) from 
data in the time domain to data in a frequency domain by Fourier transformation thereby to obtain a voltage V(a>) 
and a current I (to); and 
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so 
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wherein the energy of the electromagnetic interference source is calculated from the following computational ex- 
pression using the voltage V(o>) and the current l(oo) by the calculating means: 




Peff = l{v(«0/*(»,)+V* (»,)/(»,)} 



io where V(cOj) and l(coj) respectively indicate voltage and current components of the measured frequency ©j of elec- 

tromagnetic interference source, and * indicate the complex conjugate thereof. 

[0046] According to the fourth aspect of the present invention, there is provided a non-contact voltage probe appa- 
ratus comprising: 

15 

a cylindrical inner electrode; 

a coaxial cylindrical outer electrode coaxially provided outside the cylindrical inner electrode so as to surround the 
cylindrical inner electrode; 

a cable fixing member disposed inside the cylindrical inner electrode, for allowing a cable to be measured to 
20 penetrate therein and holding the cable therein; 

voltage detecting means having a high input impedance, the voltage detecting means being electrically connected 
to the cylindrical inner electrode; and 

means for connecting the coaxial cylindrical outer electrode to earth of the voltage detecting means. 

25 [0047] Here, plastic or a foamed material having low dielectric constant may be disposed between the cylindrical 
inner electrode and the coaxial cylindrical outer electrode. 

[0048] The inner and outer electrodes and the cable fixing member may be made up of two half portions having 
semi-cylindrical shapes obtained by dividing an integral construction of the inner and outer electrodes and the cable 
fixing member into two and the two half portions may be capable of being electrically and mechanically coupled to 
30 each other so as to allow the cable to be interposed inside the cable fixing member. 

[0049] Portions of the two half portions, which constitute the cylindrical inner electrode and portions of the two half 
portions, which constitute the coaxial cylindrical outer electrode, may be connected to one another by a repetitive 
flexion-resistant conductor. 

[0050] The two half portions may be electrically and mechanically coupled to each other with hinges or electrical 
35 contracts. 

[0051] The voltage detecting means may be a high input impedance voltage probe having active elements. 
[0052] The present invention has been described in detail with respect to preferred embodiments, and it will now be 
that changes and modifications may be made without departing from the invention in its broader aspects, and it is the 
intention, therefore, in the appended claims to cover all such changes and modifications as fall within the true spirit of 
40 the invention. 

[0053] While the specification concludes with claims particularly pointing out and distinctly claiming the subject matter 
which is regarded as the invention, it is believed that the invention, the objects, features and advantages thereof will 
be better understood from the following description taken in connection with the accompanying drawings in which: 

45 Fig. 1 is a configuration explanatory view showing a first embodiment of the present invention; 

Fig. 2 is an explanatory view illustrating an example of a further specific configuration of the first embodiment of 
the present invention; 

Figs. 3A and 3B are characteristic diagrams depicting an example of the magnitudes of voltages and currents 
supplied to respective cables employed in the first embodiment of the present invention; 
so Fig. 4 is a characteristic diagram illustrating an example of the result of calculation of energy applied to the individual 

cables shown in Fig. 3; 

Fig. 5 is a configuration explanatory view showing a second embodiment of the present invention; 

Fig. 6 is a characteristic diagram illustrating an example of a method of directly determining energy according to 

the present invention; 

55 Fig. 7 is a configuration explanatory view showing a third embodiment of the present invention; 

Fig. 8 is a flowchart for explaining a procedure for executing a method of specifying an interference invading route, 
which is employed in the first embodiment of the present invention; 

Fig. 9 is a flowchart for explaining a procedure for executing a method of specifying an interference invading route, 
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which is employed in the third embodiment of the present invention; 

Fig. 10 is an explanatory view showing an example of a usage pattern of a fourth embodiment of the present 
invention; 

Fig. 11 is a block diagram showing the configuration of the fourth embodiment of the present invention; 
Fig. 12 is a characteristic diagram illustrating an example of the display of interference energy by the fourth em- 
bodiment of the present invention; 

Fig. 1 3 is a flowchart for explaining an example of a procedure for calculating energy by a fifth embodiment of the 
present invention; 

Fig. 14 is a diagram explaining the relationship between Figs. 14A and 14B; 

Figs. 1 4A and 1 4B are respectively flowcharts for explaining an example of a procedure for calculating energy by 
a fifth embodiment of the present invention; 

Figs. 15A through 15J are respectively explanatory views showing cases obtained by dividing a combination of 
the power and direction of energy at Step 9 shown in Figs. 14A and 14B; 

Fig. 16 is a flowchart for describing an example of a determining procedure in a frequency domain, which is em- 
ployed in a sixth embodiment of the present invention; 

Fig. 17A is a perspective view showing the configuration of a conventional non-contact voltage probe apparatus; 
Figs. 17B and 17C are respectively equivalent circuit diagrams of the non-contact voltage probe apparatus shown 
in Fig. 17A; 

Fig. 1 7D is an equivalent circuit diagram of a non-contact voltage probe apparatus according to a seventh embod- 
iment of the present invention, which is shown in contrast with Fig. 17C; 

Fig. 18 is a configuration explanatory view illustrating the non-contact voltage probe apparatus shown in Fig. 17D; 
Fig. 19 is an equivalent circuit diagram of the non-contact voltage probe apparatus shown in Fig. 18; 
Figs. 20A and 20B are respectively sectional and front views showing a non-contact voltage probe apparatus 
according to an eighth embodiment of the present invention; 

Figs. 21 A and 21 B are respectively cross-sectional views taken along line a - a' of Fig. 20B; 
Fig. 22 is a diagram illustrating a frequency response of the eighth embodiment of the present invention; and 
Figs, 23A and 23B are respectively front and side views showing the configuration of a ninth embodiment of the 
present invention. 

[0054] Embodiments of the present invention will hereinafter be described in detail with reference to the accompa- 
nying drawings. 

[First embodiment] 

[0055] Fig. 1 shows a first embodiment of the present invention at the time that electromagnetic interference have 
invaded pieces of electronic equipment. In Fig. 1 , reference numerals 1 and 2 indicate electronic equipment respec- 
tively. Reference numerals 3, 4, 5, 6 and 7 respectively indicate cables or the like electrically connected to the electronic 
equipment 1 and 2. Reference numerals 8 and 9a respectively indicate a source for inducing electromagnetic interfer- 
ence and the induced electromagnetic interference. Further, reference numerals 9b, 9c and 9d respectively indicate 
interference that propagate through the electronic equipment 2. Designated at numerals 10 are respectively current 
probe apparatuses from which positive voltages are output to a device 23 for measuring voltages and currents of 
incoming interference when currents flow in directions indicated by arrows inside the current probe apparatuses 10. 
Reference numerals 11 indicate voltage probe apparatuses respectively. In the present embodiment, any of the probe 
apparatuses 10 and 11 is used as a non-contact type. In particular, the voltage probe apparatus has a cylindrical 
electrode as will be described later in Fig. 18. A non-contact voltage probe apparatus for detecting a voltage through 
capacitive coupling is used as the voltage probe apparatus 11 and is constructed so as to be able to measure the 
voltage when the equipment is under operating conditions. As shown in Fig. 1 , the interference 9a induced in the cable 
or the like 6 from the induction source 8 propagates between the cable or the like 6 and ground toward the electronic 
equipment 2 in a common mode. The interference 9a that invaded the electronic equipment 2, exerts an influence on 
electronic circuits in the electronic equipment 2 so that the electronic equipment 2 fail to function normally. The invaded 
respective interference are propagated through other cables or the like 5, 4 and 7 connected to the electronic equipment 
1 and 2 in the form of the interference 9b, 9c and 9d. When one attempts to make a decision as to an invading route 
on the basis of the magnitude of a current obtained from the result of measurement of each interference by the con- 
ventional current probe apparatus, e.g., when resonance occurs in the cable or the like 4 in the drawing, the magnitude 
of the current flowing through the cable or the like 4 becomes greater than that in the cable or the like 6, so that an 
incorrect invading route is specified. In the present invention, however, the direction of flow of energy can be determined 
by measuring the voltage and current of each of the interference 9a through 9d with the measuring device 23 and 
determining the energy thereof, thereby making it possible to judge the direction in which the interference travels. Since 



9 




no energy increases from the conservation of energy even upon resonance, it is possible to eliminate the influence of 
increases of current or voltage on the resonance. The measuring device 23 can be constructed in a manner similar to 
an interference searching apparatus 101. 

[0056] Fig. 2 shows another specific example of the embodiment shown in Fig. 1. In the present specific example, 
5 the voltage and current of each interference in a time domain are measured and the measured voltage and current 
are Fourier-transformed. Thereafter, the energy or power of each interference is calculated. In Fig. 2, reference numeral 
12 indicates a main apparatus in small telecommunication equipment. Reference numeral 13 indicates a device for 
applying interference to cable in common mode. Reference numerals 14 and 1 5 indicate telecommunication terminals 
respectively. Reference numerals 16, 17 and 18 indicate telecommunication tables respectively. Reference numeral 
10 19 indicates a power cable. Further, reference numeral 20 indicates an acrylic plate used to be isolated from the ground. 
Reference numeral 21 indicates a copper plate for providing the ground. Reference numeral 22 indicates an interfer- 
ence generator Reference numeral 23 indicates an instrument device for measuring the voltage and current of each 
interference and the energy thereof, which is, for example, a combination of a digital oscilloscope capable of recording 
the waveform of each interference therein and a controlling and computing apparatus such as a computer. 
'5 [0057] Fig. 8 shows Steps S1 through S10 for describing the whole flow of a method of specifying an interference 
invading route, which is employed in the aforementioned embodiment. 

[0058] As shown in Fig. 2, the application device 1 3 allows interference generated from the interference generator 
22 to pass through the telecommunication cable 17 in the direction of the main apparatus 12 so as to be applied 
between the telecommunication cable 17 and the copper plate 21 (in the common mode). Namely, the telecommuni- 
20 cation cable 1 7 in the present embodiment simulates an interference invading cable. The current probe apparatuses 
10 and the voltage probe apparatuses 11 are installed in their corresponding cables 17, 1 8 and 1 9 so that the direction 
of the flow of current into the main apparatus 12 is taken as positive (S1 ). 

[0059] The current probe apparatuses 10 and the voltage probe apparatuses 11 installed in their corresponding 
cables 17,18 and 1 9 respectively detect waveforms of common-mode voltages and currents supplied to the telecom- 

25 munication cables 17 and 18 and the power cable 19 and supply the detected voltages and currents to the digital 
oscilloscope of the measuring device 23 where the energy of interference is calculated in accordance with Steps S2 
through S5 in Fig. 8. Owing to the setting of the direction of each current, the direction of energy flow, i.e., the direction 
in which each current flows into the main apparatus 1 2 and the direction in which each current flows out from the main 
apparatus 12, are respectively taken as positive and negative. The result of measurements of the current and voltage 

30 in a frequency domain, i.e., the result of measurements of them at the time that the interference has a sinusoidal wave - 
and the frequency of the interference is set as 10kHz, 50kHz, 100kHz, 500kHz and 1000kHz is shown in Fig. 3. The 
result obtained by calculating energy from the result shown in Fig. 3 is shown in Fig. 4. From the result of measurements 
shown in Fig. 3, the values of the current or voltage at the telecommunication cable 1 7 corresponding to the invading 
route are not always maximum. Thus, it is difficult to specify the invading route from the result referred to above. 

35 [0060] Now, note the flow of energy of each interference. The value of the energy is calculated. An effective com- 
ponent of the energy (power) of a sinusoidal signal having a single frequency is calculated from the following equation 
(2): 

4Q P= 1/2{VI* +V*I} (2) 

where V and i respectively phaser voltage and current of interference, and V* and I* respectively represent the complex 
conjugate. 

[0061] The interference is not normally a sinewave having a single frequency but includes various frequency com- 
45 ponents. Therefore, the waveforms of the interference voltage and current which have been measured in the time 
domain at Step S2, are Fourier-transformed (FFT) into data in a frequency domain (S3). The result of Fourier trans- 
formation represents a magnitude and a phase of the measured voltage and current of each frequency component. 
Since a value of computed energy is zero between the voltage and current of different frequencies, the energy having 
the interference is represented as the sum of energies calculated every frequencies that constitute the interference. 
so Accordingly, the energy of a desired waveform can be calculated in accordance with the following equation (3): 

55 ^ 

where V(coj) and l(cDj) respectively indicate complex Fourier-transformed components calculated from the waveforms 
of the measured voltage v(t) and current i(t), and * indicate the complex conjugate thereof. The energy of the interference 
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propagated through each cable is calculated from data measured from each cable using equation (3) and the magn itude 
or level of the energy and the direction of propagation thereof are determined, whereby the flow of energy of each 
interference can be recognized. 

[0062] A calculating procedure will be described below 

5 

1) The measured waveforms of interference voltage and current are converted from the time domain to the fre- 
quency domain by Fourier-transformation (FFT) (S3). 

2) The sensitivity of each probe apparatus is corrected (S4) and the effective component of the measured energy 
of each cable is calculated using equation (3) (S5). 

io 3) The energy assumes a positive or negative value owing to the setting of the polarity of the current probe appa- 

ratus. Namely, if the sign of the calculated energy is found to be positive (+) at Step S6, then the propagation 
direction of the energy can be found identical to the direction to which each current probe apparatus is set and the 
routine procedure proceeds to Step S7. If the sign of the calculated energy is found to be negative (-), then the 
propagation direction of the energy can be found opposite to the direction to which the current probe apparatus is 

*s set and the routine procedure proceeds to Step S8. At Step S9, comparisons are made between the magnitudes 

of the calculated energies. At the next Step S10, the invading route of each interference is specified based on the 
result of comparisons in magnitude and direction determined from sign of the energy. Namely, the route where the 
maximum energy propagating toward the main apparatus can be determined to be an invading route. 

20 [0063] It is apparent from the result of calculation of the measured waveform data in Fig. 4 that the sign of the 
calculated energy is taken as positive for the telecommunication cable 17 alone. Owing to the setting of the polarity of 
current probe, it can be said that the invading route of the interference is the telecommunication cable 17. The direction 
of the invading route coincides with the direction of the energy in an actual measurement system. Thus, the method 
according to the present invention revealed that the invading route of each interference could be specified. 



[Second embodiment] 



[0064] An embodiment of the present inventions, which is considered to be effective on a continuous wave in par- 
ticular, will be shown in Fig. 5. In Fig. 5, the same elements of structure as those shown in Fig. 1 are identified by like 

30 reference numerals and their description will therefore be omitted. In the present embodiment, the absolute values of 
. each interference voltage and current in a frequency domain and the phase difference between the two are measured. 
The energy of each interference is calculated from the result of measurements. Thus, in the present embodiment, a 
phase-difference measurable device such as a vector voltmeter, a network analyzer or the like is used as an alternative 
to the measuring device 23 shown in Fig. 1 . Reference numerals 24, 25, 26 and 27 shown in the present embodiment 

35 indicate vector voltmeters respectively. An effective component of the energy of each .interference can be calculated 
using the equation (3) from the measured absolute values of interference voltage and current and the measured phase 
difference. As a result, an invading route of each interference can be specified. 

[0065] The flow of work in a method of specifying the invading route of each interference is one obtained by removing 
Step S3 from the flowchart shown in Fig. 8. 



[Third embodiment] 



[0066] The present embodiment shows an embodiment particularly effective for an impulsive interference wave. As 
a method of directly determining energy, there is known a method of measuring current and voltage waveforms for a 
<*5 time during which the interference wave is produced and obtaining a value by integrating the product of voltage and 
current. The integrated value is determined in accordance with a method of calculating it by integration using an analog 
circuit or a method of sampling the waveforms and calculating the integrated value from the sampled values by the 
following equation (4): 



*V(t n )l(t n W (4) 



Fig. 7 shows the third embodiment. In Fig. 7, the same elements of structure as those shown in Fig. 1 are identified 
by like reference numerals and their description will therefore be omitted. Fig. 9 shows Steps S1 through S5 indicative 
of the whole flow, for executing a method of specifying an interference invading route, which is employed in the present 
embodiment. In the present embodiment, probe apparatuses 28 each composed of a combination of voltage and 
current measuring devices and an energy integration circuit are provided (S1 ) to take out energy (power). Power meas- 
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uring devices designated at numerals 29, 30, 31 and 32 respectively directly measure energies (power) of interference 
propagated through cables (S2). The direction of propagation of each energy is determined according to the sign of 
the measured (or calculated) energy (S3). Further, a comparison is made between the magnitudes of the measured 
(or calculated) energies (S4). From the result of comparison, the invading route of each interference can be specified 

5 (S5). Namely, the magnitude of the energy is judged as at the maximum and a route extending in the direction of 
entrance of the energy into the main apparatus to which the energy propagates, is judged to be an invading route. 
[0067] It is needless to say that even in the case of single-shot interference such as the impulsive interference wave, 
power is calculated in a frequency domain as an alternative to the integration of the interference wave in a time domain 
and the propagation direction of the interference can be specified from the frequency spectrum of the power. 

io [0068] According to these embodiments of the present invention, as has been described above, the interference 
invading route can be easily specified by measuring the voltage and current supplied to each cable and calculating 
the effective energy of each interference from the waveforms of the measured voltage and current. The easy specifi- 
cation of the invading route permits facilitation of the determination of an interference source, whereby the cause can 
be eliminated. Further, since the interference invading route becomes apparent, effective countermeasures against 

is the interference can be taken. Furthermore, since attention is focused on the effective component of energy, the influ- 
ence of resonance can be eliminated. 

[0069] Further, in these embodiments, an advantageous effect can be also brought about that the measurement of 
the voltage and current of the interference by the non-contact probe apparatuses makes it possible to specify the 
invading route of each interference while the apparatus being in operation without disturbing operation of the apparatus. 



20 



[Fourth embodiment] 



[0070] An embodiment will next be shown in Figs. 10, 11 and 1 2, wherein the flows of energies of a plurality of pieces 
of interference propagated through cables connected to each equipment are recognized and both the positive or neg- 
25 ative value and magnitude of energy of each frequency component of the interference are displayed, whereby the 
plurality of pieces of interference can be separated each other and the direction of invasion of the interference corre- 
sponding to each frequency component can be searched. 

[0071] Fig. 1 0 shows an example of usage form of an apparatus according to the fourth embodiment. In the drawing, 
reference numeral 101 indicates an apparatus for searching electromagnetic interference source/Reference numeral 

30 102 indicates a probe apparatus for measuring a vottage, such as a non-contact voltage probe apparatus shown in 
the drawing. Reference numeral 103 indicates a probe apparatus for measuring a current, such as an electromagnetic 
coupling type non-contact current probe apparatus. The use of such non-contact probe apparatuses make it possible 
to measure the voltage and current of each interference while the equipment being held in an usual operating state. 
Reference numeral 104 indicates a cable in which interference occurs. 

35 [0072] Fig. 11 is a block diagram showing the structure of the apparatus 101 shown in Fig. 1 0. The arrows shown in 
the drawing represent the flow of measured signal data. The probe apparatuses 102 and 103 respectively measure 
voltage and current waveforms of an interference signal in a time domain. These interference voltage and current 
waveforms in the time domain are supplied to a measuring device 111 from which AD-converted measured data is 
obtained. The digital data indicative of the voltage and current waveforms obtained from the measuring device 111 is 

40 recorded in a recording device 1 1 2. An arithmetic device 1 1 3 calculates the energy of the interference for each frequency 
component from the data recorded in the recording device 112. The calculated energy and the measured voltage and 
current waveforms are displayed on a display 114. In this case, the positive or negative value and magnitude of the 
energy at each frequency component are displayed on the screen having coordinates for indicating the frequency. 
Reference numeral 115 indicates a CPU for controlling the respective components 111 through 114 of the apparatus 

45 101 . In Fig. 11, the voltage probe apparatus 102 and the current probe apparatus 103 will be constructed as in the 
case of the voltage probes apparatuses 1 0 and the current probe apparatuses 11 shown in Fig. 1 1 , for example. Namely, 
a plurality of voltage and current probe apparatuses attached to a plurality of cables will be collectively represented 
respectively. Incidentally, the measuring device 23 shown in Fig. 1 can be also constructed as illustrated in Fig. 11. 
[0073] The propagation direction of the interference is determined in accordance with the following procedures under 

so the control of the CPU 115. 

(a) The probe apparatuses 102 and 103 respectively measure the voltage and current of an interference signal in 
a time domain and the measuring device 111 converts the measured outputs into digital data. 

(b) The arithmetic device 113 converts the data indicative of the waveforms of the interference voltage and current 
ss from data in the time domain to data in the frequency domain. 

(c) After the properties of the probe apparatuses 102 and 103 have been corrected by the arithmetic device 113, 
the arithmetic device 113 calculates the measured energy on each cable for each frequency component. 

(d) The polarity of the current probe, is set to the arithmetic device 113 in advance and the energy assumes a 
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positive or negative value according to the setting of the polarity of the current probe. The sign of the energy and 
the magnitude of the calculated energy are displayed on the display 114 or the like. 

(e) The propagation direction of the interference is visually specified from the result of display. Alternatively, the 
CPU determines the propagation direction of the interference from the sign indicative of the direction of the energy 
5 and the magnitude of the energy both obtained in paragraph (d). 

' Now, the display of the interference energy on the display 114 as defined in paragraph (d) is equivalent to one shown 
in Fig. 12, for example. In Fig. 12, the Frequency is represented on the abscissa and the Power of the energy is 
represented on the ordinate inclusive of the sign thereof. Since a plurality of pieces of interference normally have their 

10 individual frequency spectrums, they can be identified by analyzing the frequency spectrums. Even when, for example, 
two pieces of interference are found to have invaded from different routes respectively from the result of the display 
of energy in the frequency domain, they can be separated by focusing attention on frequency components thereof, 
• whereby the invading routes of the two interference can be determined. A value (total power) obtained by adding 
together the energies at every frequency components can be displayed at the top of the display screen. It is understood 

is from the example shown in Fig, 12 that the interference are likely to exist on the positive and negative sides at least 
one by one. 

[0074] Namely, according to the method of measuring the electromagnetic interference source, wherein the effective 
component of the energy of each propagating interference is calculated from the electromagnetic interference voltage 
and current induced in each cable or the like and the propagation direction of the electromagnetic interference is 

20 specified from the magnitude and flow of the energy, the waveforms of the interference voltage and current in the time 
domain are measured. The measured voltage waveform v(t) and current waveform i(t) are transformed from the data 
in the time domain to the data in the frequency domain and then the respective frequency components of the interfer- 
ence are determined. Further, the effective component of the energy is calculated at each frequency component. As 
a result, the plurality of pieces of interference can be separated from the energy and thereby the propagation direction 

25 of each interference can be specified. 

[007S] As described above, the propagation direction of each interference can be easily determined by measuring 
the voltages and currents supplied to the plurality of cables and calculating the effective energies of the plurality of 
pieces of interference from the waveforms of the voltages and currents so as to separate the respective interference. 
Since the propagation direction of each interference can be easily specified using the apparatus according to the 

30 present invention, the following advantageous effects can be brought about: 

(1) The interference source can be easily specified so that the cause can be removed. 

(2) Since the propagation direction of each interference becomes apparent, effective countermeasures against 
the interference can be taken. 

35 (3) Since attention is focused on the effective components of the energy, the present determination method of the 

interference invading route is not affected by resonance. 

(4) Owing to the evaluation of the energy in the frequency domain, a plurality of pieces of interference having 
frequency components different from each other can be separated and hen the invading route of the each inter- 
ference can be determined. 

40 

[0076] Further, the measurement of the voltage and current of the interference by the non-contact probe apparatuses 
makes it possible to specify the propagation direction of each interference while the electronic equipment being in 
operation without deactivating the equipment. 

[0077] According to the fourth embodiment, as has been described above, the behavior of each interference can be 
45 accurately grasped while the apparatus being held in an operating state. The propagation direction of the electromag- 
netic interference can be quantitatively specified according to the physical quantity. Further, the plurality of pieces of 
interference can be searched by separation. 



so 



[Fifth embodiment] 



[0078] The fifth embodiment shows a further detailed example of the first embodiment for making a decision as to 
the invading route of each interference in accordance with the procedure shown in Fig. 8. The present embodiment 
utilizes the same construction as that shown in Fig. 11. The entire processing is controlled by the CPU 115. Figs. 13 
and Figs. 1 4A and 1 4B respectively show energy calculating flowcharts used in the fifth embodiment. 
55 [0079] Referring to Fig. 1 3, Steps S 1 through S5 are similar to those shown in Fig. 8 and their description will therefore 
be omitted. It is judged at Step S6 whether the number of cables measured has reached the number of all cables n. If 
the answer is found to be Yes at Step S6, then the routine procedure proceeds to the next Steps S7 and S8 in Fig. 
14A. Here, the magnitude of the energy is evaluated based on the sum of each frequency components. 
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[0080] In Figs. 14A and 14B, especially in Fig. 14A, a decision is made as to the sign of the energy propagated 
through each cable at Step S7. By following description, it is assumed that the polarity of the current probe apparatus 
is positive when the interference current flows into the equipment. If the energy is found to be positive at Step S7, then 
the propagation direction of the energy is judged as the entrance direction into the equipment. If the energy is found 
to be negative to the contrary at Step S7, then the propagation direction of the energy is judged as the direction in 
which the energy is away from the equipment. 

[0081] At Step S8, a comparison is made between the energies appeared in the respective cables. To perform the 
comparison therebetween, the energy is first normalized at the maximum value. A threshold Pt is set for comparison 
of the magnitude of the energy. If the energy is greater than to the threshold Pt, it is then regarded as a large value. 
On the other hand, if the energy is less than or equal to the threshold Pt, it is then regarded as a small value. 
[0082] At the next Step S9, a combination of the sign and magnitude of the energy, which have been determined at 
Steps S7 and S8, is classified as any of Cases 1 through 10 shown in Figs. 1 5A through 1 5J. When the combination 
falls into either the Case 1 or 4, then the routine procedure proceeds to Step S10 in Fig. 14B. If the combination falls 
into the Case 6, then the routine procedure proceeds to Step Sll in Fig. 14B. If the combination falls into either the 
Case 2 or 5, then the routine procedure proceeds to S12. Further, if the combination falls into the Case 3, 7, 8, 9 or 
10, then the routine procedure proceeds to Step S13 in Fig. 14B. Referring to Figs. 15A through 15J, 1, 2 n re- 
spectively indicate cable numbers. These Cases 1 through 10 are summarized as the following Table 1. 

Table 1 



Case 


Combination of magnitude and direction (sign) of energy 


1 


A large value exists on the positive side 


2 


Several large values exist on the positive side 


3 


Several large values exist on the negative side 


4 


Large values similar in level to each other exist on the positive and negative sides one by one 


5 


Several large values similar in level to each other exist on the positive and negative sides respectively 


6 


Large values exist on the positive and negative sides one by one and one on the negative side is larger 
than that on the positive side 


7 


Small values similar in level to each other exist on the positive side alone 


8 


Small values similar in level to each other exist on the negative side alone 


9 


Many large values exist on the positive and negative sides 


10 


Small values similar in level to each other exist on the positive and negative sides 



[0083] At the next Steps S14, S15 and S16 in Fig. 14B shifted respectively from the Case selection at Steps S10, 
S11 and S12, the cable in which the sign of the energy propagated therethrough is judged as positive and the magnitude 
of the energy is at maximum, is specified. At Step S17, the cable number specified at Step S14 is output in the form 
of a display or print. At Step S18, the number of the cable specified at Step S15 is output and a warning to the effect 
that "the negative value is larger than the positive value" is also output. At Step S1 9, the number of the cable specified 
at Step S16 is output and a warning to the effect that "it is necessary to examine the spacing between a plurality of 
cables" is also output. This is because since there is the possibility that interference is induced from the same inter- 
ference source in a plurality of cables when the spacing between the cables is narrow, the spacing between the cables 
is in need of checking. 

[0084] At the next Step S20 shifted from the Case selection at Step S13, instructions for both the impossibility of 
determination of the propagation direction of the interference and the re-measurement of power are output. 



so [Sixth embodiment] 

[0085] Fig. 16 shows one example of a further specific procedure for determining the propagation direction of energy 
in a frequency domain, which is executed in the fourth embodiment for specifying the invading routes of the plurality 
of pieces of interference. When it is desired to calculate the energy for each frequency after completion of the processes 
55 from Step S1 to Step S4 in Fig. 13, the routine procedure proceeds to Step S1 shown in Fig. 16. At Step S1, the energy 
for each frequency is calculated from a computational expression shown in the drawing. At the next Step S2, the 
processing shown in Fig. 14 is effected on each frequency component respectively, and then data about m energy 
components thereby to make a decision as to the propagation direction of the interference for each frequency are 
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shown. Based on the result of decision, the number of the cable specified at each frequency spectrum is output. 
[Seventh embodiment] 



5 [0086] Fig. 18 shows one example of a non-contact voltage probe apparatus according to the present invention. In 
Fig. 18, the same elements of structure as those shown in Fig. 17A will be identified by like reference numerals. 
[0087] In Fig. 18, reference numeral 201 indicates a non-contact electrode for detecting a voltage applied to the 
cable 220 under non-contact, which includes a cylindrical inner electrode 201 A for allowing a cable 220 to run there- 
through and a coaxial cylindrical outer electrode 201 B provided coaxially with the inner electrode 201 A so as to surround 

10 it. Reference numeral 202 indicates a fixing jig made of an insulating material, for fixing the cable 220 to the inside of 
the cylindrical inner electrode 201 A. Reference numeral 203 indicates a high input impedance voltage probe capable 
of being composed of a high input impedance voltage detecting circuit using active elements (transistor, FET, etc.). 
[0088] The non-contact voltage probe apparatus has a connecting conductive line or connecting terminal 210 for 
electrically connecting the coaxial cylindrical outer electrode 201 B to ground of the high input impedance voltage probe 

75 203 and grounding the coaxial cylindrical outer electrode 201 B. The provision of the connecting terminal 210 can 
prevents a change in the sensitivity of the probe due to a change in the capacitance between the cylindrical inner 
electrode 201 A and a metal body 230 provided therearound and/or the influence of a voltage applied to the surrounding 
cable 221. The interposition of a plastic or foamed material having low dielectric constant between the cylindrical inner 
electrode 201 A and the coaxial cylindrical outer electrode 201 B permits a reduction in the capacitance between the 
20 cylindrical inner electrode 201 A and the coaxial cylindrical outer electrode 201 B and an improvement in the sensitivity 
of the probe. 

[0089] In the environment that the connecting terminal 210 cannot be connected directly to ground, a metal plate is 
disposed under the entire non-contact voltage probe apparatus and the connecting terminal 210 is electrically con- 
nected to the metal plate. As a result, the coaxial cylindrical outer electrode 201 B is electrically connected to ground 

25 so that the capacitance is interposed between the metal plate and the coaxial cylindrical outer electrode 201 B. 

[0090] Reference numeral 204 indicates a level meter. The level rheter 204 may be one such as an oscilloscope if 
it can be used as a device for measuring a voltage. Alternatively, the measuring device 23 shown in Fig. 1 or the 
searching apparatus shown in Fig. 11 may be used. The non-contact voltage probe apparatus shown in Fig. 18 takes 
out or extracts a change in the voltage supplied to a cable 220 by the capacitive coupling occurred between the cable 

30 220 and the cylindrical inner electrode 201 A. A conductor having high conductivity, such as copper, aluminum or the 
like is used as a material for the coaxial cylindrical outer electrode 201 B. Further, the jig 202 for fixing the cable 202 
is made of an insulating material and keeps constant the distance between the cable 220 running into the cylindrical 
inner electrode 201 A and the cylindrical inner electrode 201 A so that the capacitance between the cylindrical inner 
electrode 201 A and the cable 220 is held constant. If a voltage probe whose input impedance is represented by a 

35 parallel circuit composed of a resistance and a capacitance, is used as the high input impedance voltage probe 203, 
then a substantially flat characteristic is obtained in the case of a cutoff frequency or higher. 

[0091] Now consider that a voltage V is developed between the cable 220 running into the cylindrical inner electrode 
201 A and ground (the voftage V is given by a power source 205 in the drawing). At this time, the cable 220 and the 
cylindrical inner electrode 201 A are placed under capacitive coupling. The degree of coupling that exists between the 
^0 cable 220 and the cylindrical inner electrode 201 A, i.e., a capacitance C between the cable 220 and the cylindrical 
inner electrode 201 A can be approximated by the following equation (5): 



C = 2ne Q e r € /log e (b/a) (5) 

45 

where e 0 , e r , a, b and € respectively indicate dielectric constant in a vacuum, the relative dielectric constant of the jig 
202, the conductor outer diameter of the cable 202 running into the cylindrical inner electrode 201 A, the inside diameter 
of the cylindrical inner electrode 201 A and the length of each of the cylindrical electrodes 201 A and 201 B. Further, a 
capacitance C s between the cylindrical inner electrode 201 A and the coaxial cylindrical outer electrode 201 B is similarly 
50 approximated by the following equation (6): 



C s = 2ne 0 zy\OQ & (d/c) (6) 

. where c, d and i respectively indicate the outside diameter of the cylindrical inner electrode 201 A, the inside diameter 
of the cylindrical outer electrode 201 B and the lengths of the cylindrical electrodes 201 A and 201 B. 
[0092] Assuming now that the input resistance and capacitance of the high input impedance voltage probe 203 are 
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R and C p respectively, the non-contact voltage probe apparatus is represented as an equivalent circuit shown in Fig. 
19. In Fig. 19, reference numeral 205 indicates the voltage source that simulates the voltage V induced between cable 
220 and ground. Reference numeral 206 indicates the capacitance C between the cable 220 and the cylindrical inner 
electrode 201 A. Reference numeral 207 indicates the capacitance C s between the cylindrical inner electrode 201 A 
and the cylindrical outer electrode 201 B. Further, reference numerals 208 and 209 respectively indicate the input re- 
sistance R p and input capacitance C p of the high input impedance voltage probe 203. An output voltage measured by 
the level meter 204 through the equivalent circuit, i.e., a voltage V p obtained across terminals of R p or C p in the equiv- 
alent circuit is given by the following equation: 



In a frequency range of coR p (C + C p ) » 1 is established, the output voltage V p of the probe 203 is given by the following 



Thus it indicates that flat sensitivity is obtained without depending on the frequency. 

[0093] Since the cylindrical outer electrode 201 B is externally provided and grounded, the non-contact voltage probe 
apparatus according to the present invention can eliminate an influence exerted from the outside as compared with 
the conventional non-contact voltage probe apparatus. Fig. 17D showing an equivalent circuit of a probe apparatus 
according to the present invention corresponds to Fig. 17C showing an equivalent circuit of the conventional non- 
contact voltage probe apparatus which has taken into account ambient influences. The equivalent circuit shown in Fig. 
1 7D is equal to the equivalent circuit illustrated in Fig. 1 9. It is understood that C x , C q and V x that lead up to errors can 
be removed from the equivalent circuit shown in Fig. 17D by grounding the cylindrical outer electrode 201 B. 

[Eighth embodiment] 

[0094] Figs. 20A and 20B are respectively plan and cross-sectional views schematically showing the configuration 
of an eighth embodiment of a non-contact voltage probe apparatus according to the present invention. Figs. 21 A and 
21 B are respectively cross-sectional views taken along line a - a' shown in Fig. 20B. In Figs. 20A and 20B and Figs. 
21 A and 21 B, reference numerals 211 and 212 respectively indicate two pairs of semicylindrical electrode half-cut 
portions obtained by dividing the electrode structure shown in Fig. 18 in half. The electrode structure shown in Fig. 18 
is formed by electrically and mechanically joining these half portions 211 and 212 to each other Reference numeral 
202 indicates a fixing jig made of a foamed material, for fixing a cable 220 running into an inner electrode 201 A. 
Reference numeral 213 indicates a fitment for fixing the two semicylindrical electrodes 211 and 212 in the form of a 
cylinder. Reference numerals 214 indicate fittings (hinges) for mechanically tightening the two semicylindrical elec- 
trodes 211 and 212 and electrically connecting them to each other. 

[0095] The capacitance intended for the coupling of the cylindrical inner electrode 201 A and the cable 220 to be 
measured is calculated from equation (5). In the present embodiment, the copper is used as the material for each of 
the electrodes 201 A and 201 B. However, a material other than the copper may be used if its conductivity is high. 
[0096] Owing to the use of a material easy to elastically deform, the cable fixing jig 202 can fix the cable 220 to the 
neighborhood of the center of the cylindrical inner electrode 201 A regardless of the diameter of the cable 202 extending 
into the inner electrode 201 A. In the present embodiment, a sponge made of rubber is used as the material for the 
fixing jig 202. However, other material such as polyurethane or the like may be used if it is a foamable material similar 
to the sponge. Further, a plate spring made of plastic may be used as an alternative to the foamable material. 
[0097] Referring to Fig. 21 B, a lead wire or conductor 215 that endures repetitive flexion, is provided between the 
half -divided inner electrodes 201 A to ensure electrical connections between the inner electrodes 201 A. 
[0098] Fig. 22 shows a frequency response of the non -contact voltage probe apparatus illustrative of the eight em- 
bodiment. It is thus possible to confirm the present probe apparatus as a wide-band probe having a frequency response 
flat on frequencies above 10 [kHz]. 

[Ninth embodiment] 

[0099] A ninth embodiment shows a non-contact voltage probe apparatus wherein a cylindrical outer electrode 201 B 
is provided with a voltage detecting circuit 216 from which a voltage can be transmitted through a coaxial cable or the 



V p - jcoCR p /{1 + j©Rp(C + C p + C s )} x V 



equation: 



V p = C/(C + C p + C s ) X V 
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like terminated with a coaxial connector 217. A central conductor 21 7A of the coaxial connector 217 is electrically 
connected to an electrode 201 A and an outer conductor 21 7B thereof is electrically connected to an electrode 201 B. 
An amplifier may be attached to the voltage detecting circuit 216. The present embodiment can reduce parasitic in- 
ductance and capacitance occurred in an earth wire of a high input impedance probe in a high frequency region and 

5 then the probe apparatus has flat response in broad frequency range. 

[0100] Since the cylindrical inner electrode 201 B is coaxially provided outside the cylindrical outer electrode 201 A 
for providing the capacitive coupling to the cable 220 and is grounded, the sensitivity of the probe 203 can be prevented 
from varying with a change in the capacitance between the cylindrical inner electrode 201 A and a ground metal 230 
such as surrounding reinforced bars or the like. If only the cylindrical inner electrode 201 A is used when the voltage 

io is developed in a surrounding cable 221 or the like, then the capacitive coupling therebetween exerts the influence of 
a voltage developed in a surrounding cable other that the cable to be measured on the cylindrical inner electrode 201 A. 
However, this influence can be lessened by further providing the cylindrical outer electrode 201 B. 
[01 01] In order to fix a distance between the inner electrode 201 A and the outer electrode 201 B at a constant value, 
a supporting member is disposed therebetween. If the dielectric constant of the material of the supporting member is 

*5 high, the capacitance between the cylindrical inner electrode 201 A and the cylindrical outer electrode 201 B is increased, 
so that the sensitivity of the probe 203 is reduced. Therefore, such a problem can be solved to enhance the sensitivity 
by providing a plastic or foamed material having low dielectric constant as the supporting member between the cylin- 
drical inner electrode 201 A and the cylindrical outer electrode 201 B, with suppressing the increase of the capacitance 
between the electrodes 201 A and 201 B. 

20 [0102] When a movable part is next provided although the divided electrode structure is adopted in the embodiments 
shown in Figs. 20 through 23 to easily attach the cable 220 to be measured to the non-contact voltage probe apparatus 
of the present invention, it is necessary to electrically and mechanically connect the electrodes to one another in a 
stable condition. To solve such a problem, the conductor 215, which is excellent in flexibility and endures repetition 
and flexion, is connected to the movable part to reliably connect both electrodes 201 A to one another. 

2S [01 03] To obtain the same effect as described above, the semicylindrical electrode 21 1 may be press-fit on the sem- 
icylindrical electrode 212 with the hinges 214. 

[0104] In order to reduce errors produced from the externally-incoming interference and enhance the sensitivity by 
reducing the capacitance of the probe 203, a high input impedance voltage detecting circuit such as FETor the like 
may be attached to the coaxial cylindrical outer electrode as an alternative to the high input impedance voltage probe 
30 203. 

[0105] According to the seventh, eighth and ninth embodiments, the voltage applied to the cable 220 is detected by 
the capacitive coupling determined according to the sizes of the cable 220 and the cylindrical inner electrode 201 A 
and the distance therebetween. The sensitivity of the probe apparatus is determined by the ratio of the capacitance 
for the coupling of the cable 220 and the cylindrical inner electrode 201 A, the capacitance between the cylindrical inner 

35 electrode 201 A and the cylindrical outer electrode 201 B and the input impedance of the voltage probe 203. 

[01 06] According to the seventh, eighth and ninth embodiments, as has been described above, since the cylindrical 
electrodes are coaxially provided on a double basis, it is possible to eliminate the influence of the voltage developed 
in the surrounding metal body or the like and stably measure the voltage applied to the cable in good reproducibility. 
Further, since the voltage is measured under the non-contact state, the voltage developed across the measuring cable 

40 conductor can be measured without any damage to the cable and the influence exerted on service. Accordingly, the 
present invention is effective in, for example, measuring conducted electromagnetic noise under the operating state. 
[0107] While the present invention has been described with reference to the illustrative embodiments, this description 
is not intended to be construed in a limiting sense. Various modifications of the illustrative embodiments, as well as 
other embodiments of the invention, will be apparent to those skilled in the art on reference to this description. It is 

45 therefore contemplated that the appended claims will cover any such modifications or embodiments as fall within the 
true scope of the invention. 

[0108] The reader's attention is directed to all papers and documents which are filed concurrently with or previous 
to this specification in connection with this application and which are open to public inspection with this specification, 
and the contents of all such papers and documents are incorporated herein by reference. 
so [0109] All of the features disclosed in this specification (including any accompanying claims, abstract and drawings), 
and/or all of the steps of any method or process so disclosed, may be combined in any combination, except combina- 
tions where at least some of such features and/or steps are mutually exclusive. 

[0110] Each feature disclosed in this specification (including any accompanying claims, abstract and drawings), may 
be replaced by alternative features serving the same, equivalent or similar purpose, unless expressly stated otherwise. 
55 Thus, unless expressly stated otherwise, each feature disclosed is one example only of a generic series of equivalent 
or similar features. 

[0111] The invention is not restricted to the details of the foregoing embodiments. Th e invention extends to any novel 
one, or any novel combination, of the features disclosed in this specification (including any accompanying claims, 
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abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process so 
disclosed. 



Claims 

1. A method of specifying invading routes of electromagnetic interference, characterized by comprising the steps of: 

measuring voltages and currents of electromagnetic interference developed in a plurality of cables electrically 
connected to pieces of electronic equipment by voltage and current probes, respectively; 
calculating an effective component of energy of said each electromagnetic interference from the result of 
measurements; and 

specifying the invading route of said each electromagnetic interference from the direction in which the calcu- 
lated energy flows. 

2. A method as claimed in claim 1 , characterized in that the invading route of each electromagnetic interference is 
specified based on the magn itude of the energy calculated for said each cable and the direction of flow of the energy. 

3. A method as claimed in claim 1 or 2, 
characterized in that 

(1) in the case that the polarity of said current probe is so determined that said current probe generates a 
positive output in response to the electromagnetic interference entering into toward said electronic equipment: 

when the sign of the energy calculated for a given cable of said plurality of cables is positive, the elec- 
tromagnetic interference is determined as being propagated through said cable in the direction in which the 
electromagnetic interference enters into said electronic equipment, and when the sign of the energy is negative, 
the electromagnetic interference is determined as being propagated through said cable in the direction in 
which the electromagnetic interference exits from said electronic equipment; and 

(2) in the case that the polarity of said current probe is so determined that said current probe generates a 
positive output in response to the electromagnetic interference existing from said electronic equipment: 

when the sign of the energy calculated for a given cable of said plurality of cables is positive, the elec- 
tromagnetic interference is determined as being propagated through said cable in the direction in which the 
electromagnetic interference exits from said electronic equipment, and when the sign of the energy is negative, 
the electromagnetic interference is determined as being propagated through said cable in the direction in 
which the electromagnetic interference enters into said electronic equipment. 

4. A method as claimed in claim 2, characterized in that it is determined that the electromagnetic interference invades 
a cable in which the magnitude of the calculated energy is at maximum, and through which said calculated energy 
propagates toward said electronic equipment. 

5. A method according to any of claims 1 to 4, characterized in that the voltage and current of each electromagnetic 
interference are respectively measured by non-contact voltage and current probes so as to allow an electromag- 
netic interference invading route to be specified when said electronic equipment be in operation. 

6. A method as claimed in any of claims 1 to 5, characterized in that waveforms of a voltage and a current of each 
electromagnetic interference are measured in a time domain and the energy of the interference is calculated from 
the following computational expression, using the measured voltage waveform v(t) and current waveform i(t): 

Peff = S{Vh)^*W + ^*h)/h')} 

where V(cOj) and l(a>j) respectively indicate complex Fourier-transformed components calculated from the measu red 
waveforms of voltage v(t) and current i(t), and * indicate the complex conjugate thereof. 

7. A method according to any of claims 1 to 5, characterized in that the absolute values of a voltage and a current 
of each electromagnetic interference and a phase difference between them are measured and the energy of the 
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interference is calculated from the following computational expression, using the measured voltage V(o) and cur- 
rent I (go): 



where V(a)j) and l((Dj) respectively indicate voltage and current components of the measured frequency of elec- 
tromagnetic interference, and * indicate the complex conjugate thereof. 

8. A method as claimed in any of claims 1 to 5, characterized in that the value of the energy of each electromagnetic 
interference is determined by the following computational expression: 

iv(t)i(t)dt 

9. A method as claimed in any of claims 1 to 4, characterized in that the energy of each electromagnetic interference 
is measured by a power measuring device. 

10. A method as claimed in claim 5, 6 or 7, characterized in that when the sign of the calculated energy is positive, 
the energy flow is determined as being propagated in the direction of polarity identical to the polarity of the current 
probe, and when the sign of the calculated energy is negative, the energy flow is determined as being propagated 
in the direction of polarity opposite to the polarity of the current probe. 

11. A method as claimed in claim 5, 6 or 7, characterized in that when the sign of the calculated energy is positive, 
the energy is determined as being propagated in the direction identical to the polarity of the current probe, when 
the sign of the energy is negative, the energy is determined as being propagated in the direction of polarity opposite 
to the polarity of the current probe, and a route extending in the direction of entrance of the energy into the equip- 
ment to which the energy propagates under the maximum magnitude of energy, is determined to be an invading 
route. 

12. A method as claimed in claim 8, characterized in that a route extending in the direction of entrance of the energy 
into the equipment to which the energy propagates under the maximum magnitude of energy, is determined to be 
an invading route. 

13. An apparatus for searching electromagnetic interference source, characterized by comprising: 

a plurality of non-contact voltage probes respectively connected in non-contact with a plurality of cables con- 
nected to pieces of electronic equipment; 

a plurality of non-contact current probes respectively connected in non-contact with the plurality of cables; 
means for inputting therein a voltage and a current of the electromagnetic interference source both measured 
by voltage and current probes connected to the same cable of said plurality of cables and calculating an 
effective component of energy of each electromagnetic interference source; and 

means for specifying an invading route of each electromagnetic interference source from the direction in which 
the calculated energy flows. 

14. An apparatus as claimed in claim 13, further characterized by comprising: 

means for specifying an invading route of the electromagnetic interference source from the magnitude of 
each calculated energy and the direction of flow thereof. 

15. An apparatus as claimed in claim 1 3 or 1 4, characterized in that said specifying means further includes means for 
determining the electromagnetic interference source as being propagated through a given cable of said plurality 
of cables 

(1) in the case that the polarity of said current probe is so determined that said current probe generates a 
positive output in response to the electromagnetic interference entering into toward said electronic equipment: 
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when the sign of the energy calculated for a given cable of said plurality of cables is positive, the elec- ■ 
tromagnetic interference is determined as being propagated through said cable in the direction in which the 
electromagnetic interference enters into said electronic equipment, and when the sign of the energy is negative, 
the electromagnetic interference is determined as being propagated through said cable in the direction in 
which the electromagnetic interference exits from said electronic equipment; and 

(2) in the case that the polarity of said current probe is so determined that said current probe generates a 
positive output in response to the electromagnetic interference existing from said electronic equipment; 

when the sign of the energy calculated for a given cable of said plurality of cables is positive, the elec- 
tromagnetic interference is determined as being propagated through said cable in the direction in which the 
electromagnetic interference exits from said electronic equipment, and when the sign of the energy is negative, 
the electromagnetic interference is determined as being propagated through said cable in the direction in 
which the electromagnetic interference enters into said electronic equipment. 

16. An apparatus as claimed in claim 1 4, further characterized by comprising: 

means for determining that the electromagnetic interference invades a cable in which the magnitude of the 
calculated energy is at maximum, and through which said calculated energy propagates toward said electronic 
equipment. 

17. An apparatus as claimed in any of claims 13 to 16, characterized in that waveforms of a voltage and a current of 
each electromagnetic interference source are measured in a time domain by the voltage and current probes con- 
nected to each cable and the energy of the electromagnetic interference source is calculated from the following 
computational expression, using the voltage wave v(t) and current waveform i(t) measured by said calculating 
means: 

Put - i{vm/ * k) +.v*'(«j ywi 

where V(o>,) and 1(0),) respectively indicate complex Fourier-transformed components calculated from the measured 
waveforms of voltage v(t) and current i(t), and * indicate the complex conjugate thereof. 

18. An apparatus as claimed in any of claims 13 to 16, further characterized by comprising: 

means for measuring waveforms V(t) and l(t) of a voltage and a current of each electromagnetic interference 
source in a time domain by said voltage and current probes and converting the measured waveforms V(t) and 
l(t) from those in the time domain to those in a frequency domain by Fourier transformation thereby to obtain 
a voltage V(<d) and a current I(<d); and 

wherein the energy of the electromagnetic interference is calculated from the following computational expres- 
sion using the voltage V(co) and the current l(co) by said calculating means: 

Peff = l{vK)/*h) + V*(» ; )/(*>,)} 

where V f (a>j) and l f (co;) respectively indicate voltage and current components of the frequency coj of electro- 
magnetic interference source, and * indicate the complex conjugate thereof. 

19. An apparatus as claimed in any of claims 13 to 16, further characterized by comprising: 

at least one means for measuring the absolute values of the voltage and current of each electromagnetic 
interference source in the frequency domain and a phase difference between the voltage and current, said 
measuring means including: 

a non-contact voltage probe connected in non-contact with a cable connected to a piece of electronic 
equipment; 

a non-contact current probe connected in non-contact with the cable; and 
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means for inputting therein a voltage and a current of each electromagnetic interference source both 
measured by voltage and current probes connected to the same cable of said plurality of cables; 

means for calculating the energy of the electromagnetic interference source from the following computational 
expression based on the measured absolute values and phase difference: 

Peff = S{v(ffli)/ * h) + V * (*>i)/(®i)} 



where V(a)j) and l(cDj) respectively indicate voltage and current components of the measured frequency ©} of 
electromagnetic interference source, and * indicate the complex conjugate thereof; and 
*5 means for specifying an invading route of the electromagnetic interference source from the direction in which 

the calculated energy flows. 

. . 20. An apparatus as claimed in any of claims 13 to 16, characterized in that the energy of the electromagnetic inter- 
ference source is determined from the following computational expression by said calculating means based on 

20 the waveforms V(t) and l(t) of the voltage and current of the electromagnetic interference source both measured 

in the time domain by said voltage and current probes: 



25 



30 



iv(t)i(t)dt 

21. An apparatus as claimed in any of claims 13 to 16, further characterized by comprising: 

at least one power measuring device for measuring the energy of the electromagnetic interference source, 
said power measuring device including: 



a non-contact voltage probe connected in non-contact with a cable connected to a piece of electronic 
equipment; 

a non-contact current probe connected in non-contact with the cable; and 

means for inputting therein a voltage and a current of each electromagnetic interference source both 
55 measured by voltage and current probes connected to the same cable of said plurality of cables; and 

means for specifying an invading route of the electromagnetic interference source from the direction in which 
the calculated energy flows. 

40 22. An apparatus as claimed in any of claims 17 to 19, further characterized by comprising: 

means for displaying the energy of the electromagnetic interference source calculated by said calculating 
means in the form of a frequency spectrum. 

23. An apparatus as claimed in any of claims 1 3 to 1 9, 2 1 and 22, characterized in that said specifying means comprises 
45 means for determining the energy as being propagated in the direction identical to the polarity of the current probe 

when the sign of the calculated energy is positive, determining the energy as being propagated in the direction 
opposite to the polarity of the current probe when the sign of the energy is negative, and determining, as an invading 
route, a route extending in the direction of entrance of the energy into the equipment to which the energy propagates 
under the maximum magnitude of energy. 

so 

24. An apparatus as claimed in claim 20, 

characterized in that a route extending in the direction of entrance of the energy into the equipment to which the 
energy propagates under the maximum magnitude of energy is determined to be an invading route. 

55 25. An apparatus for searching electromagnetic interference source, characterized by comprising: 

means for measuring, in a time domain, waveforms of a voltage and a current of the electromagnetic interfer- 
ence source developed in each of cables connected to electronic equipment; 
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means for recording the measured waveforms of voltage and current therein; 

means for converting the measured waveforms of voltage and current into waveforms of a voltage and a 
current in a frequency domain respectively; 

means for calculating energy for each frequency, based on the voltage and current waveforms in the frequency 
5 domain; and 

means for displaying the energy calculated for each frequency in the form of the positive and negative polarities 
of the energy and the magnitude thereof so as to correspond to coordinates indicative of each frequency 

26. An apparatus as claimed in claim 25, further characterized by comprising: 

10 means for determining the electromagnetic interference source as follows: 

(1) in the case that the polarity of said current probe is so determined that said current probe generates a 
positive output in response to the electromagnetic interference entering into toward said electronic equipment: 

when the sign of the energy calculated for a given cable of said plurality of cables at each frequency is 
75 positive, the electromagnetic interference is determined as being propagated through said cable in the direction 

in which the electromagnetic interference enters into said electronic equipment, and when the sign of the 
energy is negative, the electromagnetic interference is determined as being propagated through said cable in 
the direction in which the electromagnetic interference exits from said electronic equipment; and 

(2) in the case that the polarity of said current probe is so determined that said current probe generates a 
20 positive output in response to the electromagnetic interference existing from said electronic equipment: 

when the sign of the energy calculated for a given cable of said plurality of cables at each frequency is 
positive, the electromagnetic interference is determined as being propagated through said cable in the direction 
in which the electromagnetic interference exits from said electronic equipment, and when the sign of the energy 
is negative, the electromagnetic interference is determined as being propagated through said cable in the 
25 direction in which the electromagnetic interference enters into said electronic equipment. 

27. An apparatus as claimed in claim 25 or 26, characterized in that said measuring means has non-contact voltage 
and current probes. 



30 28. An apparatus as claimed in claim 27, 

characterized in that the waveforms of the voltage and current of the electromagnetic interference source are 
measured in the time domain by the voltage and current probes and the energy of the electromagnetic interference 
source is calculated from the following computational expression, using the voltage wave v(t) and current waveform 
i(t) measured by said calculating means: 

35 

Peff = X{v(o>i)J * H + V * (a>;)/(*>/)} 

40 . 

where V(cd-,) and l(coj) respectively indicate complex Fourier-transformed components calculated from the measured 
waveforms of voltage v(t) and current i(t), and * indicate the complex conjugate thereof. 

29. An apparatus as claimed in claim 27, further characterized by comprising: 

45 

means for measuring waveforms V(t) and l(t) of the voltage and current of the electromagnetic interference 
source in a time domain by said voltage and current probes and converting the measured waveforms V(t) and 
t(t) from data in the time domain to data in a frequency domain by Fourier transformation thereby to obtain a 
voltage V(co) and a current I (co); and 
so wherein the energy of the electromagnetic interference source is calculated from the following computational 

expression using the voltage V f (co) and the current l(co) by said calculating means: 



55 



Peff = ZM^,)/ *'(»,) + V*(< Bi )j(<B i )} 
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where V(cO|) and l(coj) respectively indicate voltage and current components of the measured frequency co s of 
electromagnetic interference source, and * indicate the complex conjugate thereof. 

30. A non-contact voltage probe apparatus characterized by comprising: 



a cylindrical inner electrode; 

a coaxial cylindrical outer electrode coaxially provided outside said cylindrical inner electrode so as to surround 
said cylindrical inner electrode; 

a cable fixing member disposed inside said cylindrical inner electrode, for allowing a cable to be measured to 
penetrate therein and holding the cable therein; 

voltage detecting means having a high input impedance, said voltage detecting means being electrically con- 
nected to said cylindrical inner electrode; and 

means for connecting said coaxial cylindrical outer electrode to earth of said voltage detecting means. 



is 31. A non-contact voltage probe apparatus as claimed in claim 30, characterized in that plastic or a foamed material 
having low dielectric constant is disposed between said cylindrical inner electrode and said coaxial cylindrical outer 
electrode. 

32. A non-contact voltage probe apparatus as claimed in claim 30 or 31, characterized in that said inner and outer 
20 electrodes and said cable fixing member are made up of two half portions having semi-cylindrical shapes obtained 

by dividing an integral construction of said inner and outer electrodes and said cable fixing member into two and 
said two half portions are capable of being electrically and mechanically coupled to each other so as to allow said 
cable to be interposed inside said cable fixing member. 

25 33. A non-contact voltage probe apparatus as claimed in claim 32, characterized in that portions of said two halt 
portions, which constitute said cylindrical inner electrode and portions of said two half portions, which constitute 
said coaxial cylindrical outer electrode, are connected to one another by a repetitive flexion-resistant conductor. 

34. A non-contact voltage probe apparatus as claimed in claim 32 or 33, characterized in that said two half portions 
30 are electrically and mechanically coupled to each other with hinges or electrical contracts. 

35. A non-contact voltage probe apparatus as claimed in any of claims 30 to 34, characterized in that said voltage 
detecting means is a high input impedance voltage probe having active elements. 

35 36. A method of specifying invading routes of electromagnetic interference and/or an apparatus for searching electro- 
magnetic interference source and/or a non-contact voltage probe apparatus substantially as herein before de- 
scribed. 
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